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https://flowcharts.llnl.gov/
4U.S. DEPARTMENT OF ENERGY       OFFICE OF ENERGY EFFICIENCY & RENEWABLE ENERGY
What is Marine Energy (aka MHK)?
A range of marine resources, each with its own 
set of unique characteristics and challenges…
leading to a wide variety of technology types and device designs…
to tap into broad geographic opportunities and diverse applications.
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More than 50% of U.S. population lives within 50 miles of the Nation’s 
coasts 
Graphic Credit:  Bruce Bailey  AWS Truewind
Why Pursue Marine Energy Technologies?
U.S. Highest Population Areas
Cost-effective Marine Energy technologies could supply renewable electricity to 
consumers in coastal load centers, particularly in high cost areas
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Marine Energy Resource Potential 
Resource
Total US Theoretical 
Resource















% 2012 U.S. 
Net Electricity 
Generation
Wave Energy (2,3) 1594–2640 39–65 898–1229 22–30 378–472 9-12
Tidal Current Energy 
(4) 445 11 222–334 5.5–8.2 15–22 0.4-0.5
Ocean Current Energy 
(5) 200 49 45–163 1.1–4.0 45–163 1.1-4.0
River Current Energy 1381 34.1 120 3 100 2.5
Total 3620–4666 89-115 1285-1846 31.6–45.2 538-757 13-19
Marine and Hydrokinetic Resource Assessment and Characterization
https://www.energy.gov/eere/water/marine-and-hydrokinetic-resource-assessment-and-characterization
What’s missing?
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U.S. DOE Marine Energy Funding 
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Why Consider Marine Energy as a Power Source?
Several Benefits Unique to Marine Energy
Significant US Wave, Tidal, 
Current, and River Resource
•Capturing 5% of the coastal resource 
would provide power to 6 – 8 million 
American homes




•Most of US population lives 
within 50 miles of the coast 
•River resources distributed 
throughout US
•Reduced transmission line costs 
and transmission line losses
Forecastable Reliable Power 
Source
•Waves are predictable days in 
advance
•Tides and currents are predicable 
over even longer periods of time
•Predictability invaluable for end users, 
especially if only source of energy
Power Density
•Wave power is concentrated 
wind power
•Water currents are concentrated 
wind/solar or gravitational 
power
•Smaller footprint
Complement to Solar and 
Wind Generation Profiles
•Seasonal variations
•Time of day variations
•Potential to offset a portion of 
grid storage 
Room For Growth Without 
Requiring Land
•US Exclusive Economic Zone 
(EEZ) is 11.3M sq-km; 
•US land area is 9.2M sq-km
Limited Surface Expression
•Submerged energy capture out 
of the weather 
•Minimize visual impact; Less to 
see from shore
•Minimal land use
Resilient Power Source 
Opportunity 
•Power source close to load = reduced 
transmission line failures 
•Distributed power generation
•Black Start capability
•Electromagnetic Pulse (EMP) resistance
•Potential for quick disaster response 
Inherent Benefits in Other 
In-Ocean Applications
•In water with: sensors; AUVs / UUVs; 
algae; aquaculture
•Desalinization of seawater into drinking 
water without electricity
•Capital costs, transmission costs
•Enables new economic growth in 
maritime sector
Delivering the Future
•Exploration, protection and 
economic activity of the ocean is 
rapidly increasing in importance
•Demand for sea resources from 
a growing global populationEarliest Market 
Opportunities?

























Potential Useful Outputs of a Marine Energy Device
• Electrical power exported to shore for the grid 
• Electrical power at sea / energy oasis




Direct refrigeration (compress refrigerant 
w/o without electrical conversion)
• Fresh water ice
• Sea ice
• Wind a spring (mechanical potential energy)
• Heat (direct mechanical to heat conversion)
• Generate persistent acoustic wave form 
• Sand transport for: 
• Beach replenishment
• Dredging 
• Cold water upwelling
• Wireless power transmission to:
• Unmanned Aerial Vehicles
• Aircraft
• Satellites
• Power over Fiber Optic cable 
transmission
• Direct Electrolysis of Seawater: Hydrogen
• High value mineral extraction: Rare Earth Elements
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Why Don’t We Have Marine Energy as a Grid Power Source Today?
Several Engineering Challenges Unique to Marine Energy (specifically wave power)
The ocean is a challenging environment (physically and financially)
•Survivability (50 year or 100 year storm), IO&M, corrosion, weather windows, testing, …
•Anecdotal evidence that some complex at sea tests can take several years to permit a six month test
The oscillatory nature of the wave resource is a challenge for both engineering and economic reasons
•Power conversion mechanism must pass through a zero velocity point twice a cycle → high mechanical loads and complexity
•Relative motion of magnets and copper wire generate electrical power; going through zero is problematic
•Drives device complexity → reduced cost competitiveness with grid power
The high-torque low-speed nature of the wave resource is a challenge for both structural loading and power conversion
•Typical four-pole motor operating on a 60 Hz electrical grid, the synchronous speed is 1,800 rpm or 30 Hz; 
Tavg_waves = 8 seconds or favg_waves = 0.125 Hz ≈ 2x to 3x orders of magnitude frequency mismatch
•Relative motion of magnets and copper wire generate electrical power (again); slow speed is problematic
The power of a wave energy device scales to the 3.5 power → challenges for modeling, testing, and subsystem interactions
•A 1x scale device has a power of 1 W, a 2x scale device will have a power of 23.5 = 11.3 W; 
•Wave model testing challenges are unique and difficult; Phydro scales linearly with specific speed; Pwind scales with Drotor2
•Different subsystems require different model scales for testing: Integrated systems, hydrodynamics, power conversion, structure component  
The frequency sensitivity of wave devices is a challenge
•Wave Energy Capture (WEC) devices are narrow band pass filters of ocean energy 
•Only a certain incident frequency of wave energy will effect the device; wave energy off that frequency will have little effect
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Current and Tidal Energy Converter Architypes
http://www.aquaret.com/
Tidal Kite
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Horizontal Axis Turbine
Horizontal Axis Turbine Horizontal Axis Turbine
Vertical Axis Turbine
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Wave to Grid Operating Principles – The Existing Paradigm
Workshop on Identification of Future Emerging 
Technologies in the Ocean Energy Sector
Watch "Why Can't We Get Power From 
Waves?" on YouTube
https://youtu.be/PMRiKmgxrh0
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Wave Energy Converter Architypes 
http://www.aquaret.com/
Attenuator Point absorber
Oscillating Wave Surge 
Converter
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Global Marine Energy Industry
The U.S. is home to more 
than a third of all active 
marine energy companies 
operating globally.
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U.S. Strong Marine Energy R&D Base
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U.S. Marine Energy Technologies
Within the U.S., some technology 
convergence is observed for Current 
and Wave devices, but there are still 
many device types being pursued.
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Powering the Blue Economy Report https://www.energy.gov/eere/water/powering-blue-economy-
exploring-opportunities-marine-renewable-energy-maritime-markets
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Enabling New Pathways to New Markets
Joseph V. Sinfield and Freddy Solis, “Finding a Lower-Risk Path to High-Impact Innovations,” 
June 13, 2016, MIT Sloan Management Review
WPTO is focusing on off-
grid applications for 
several reasons: 
• Near term revenue 
potential for industry
• Non-grid markets may not 
be as cost sensitive as the 
grid market
• Opportunities for more 
basic research and 
development
• Develop technologies, 
reduce costs (leveled cost 
of electricity), develop 
supply chain, improve 
IO&M
• Non-grid applications and 
markets may play to MHK 
strengths 
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Water Power Prize Portfolio: Supporting Hydro & Marine 
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• Competitive funding opportunities through which organizations can apply for financial 
support. These projects, established through cooperative agreements, generally require 
some level of cost-share from the awardee. 
• Innovative funding mechanisms such as prizes and challenges are also being used more 
frequently across DOE and other federal agencies. 
• The Small Business Innovations Research (SBIR) and Small Business Technology Transfer 
(STTR) Programs are competitive programs targeted to small businesses. 
• WPTO and other DOE offices often utilize a public Requests for Information (RFI) to solicit 
feedback from stakeholders on WPTO’s programmatic strategy and industry’s research and 
development needs.
• DOE’s National Laboratories have research centers that can help water power researchers 
and manufacturers (there are a number of different options for working with Labs).  
Most of these opportunities are publicly posted on EERE Exchange (SBIR and STTR can be 
found on https://science.osti.gov/sbir/Funding-Opportunities).
Ways to Work with the WPTO and Stay in the Know
You can reach out to WPTO 
to ask a question, offer 
feedback, or request a 
meeting by writing to
WaterPowerTechnologiesOffice@EE.DOE.GOV
Want periodic updates on 
water power funding 
opportunities, events, and 
publications?
https://www.energy.gov/eere/water/water-power-funding-opportunities
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Bill McShane, Marine Energy Technology Manager — Water Power Technologies Office
THANK YOU!
william.mcshane@ee.doe.gov
You can reach out to WPTO to ask a question, offer feedback, or request a meeting by writing to 
waterpowertechnologiesoffice@ee.doe.gov
water.energy.gov
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Expanding to New Areas Where We Can Have Major Impact:
Powering the Blue Economy™ Initiative
Key Messages
• Potential market opportunities where marine energy may 
hold a unique value proposition to meet the energy needs of 
the blue economy. 
• Technology attributes of marine energy beneficial to many 
blue economy markets: 
• the ability to provide both electrical and mechanical power 
• minimal surface expression improving storm survivability 
• opportunities for co-design and integration with other 
infrastructure; 
• the ability to leverage existing maritime supply chains 
• marine energy devices are inherently designed to remove 
energy from ocean resources instead of fight against them. 
28
U.S. Economic Growth Decouples From Both Energy And Electricity Use
Source: U.S. Energy Information Administration, World Bank Source: U.S. Energy Information Administration, World Bank 
https://www.eia.gov/todayinenergy/detail.php?id=33812https://www.eia.gov/todayinenergy/detail.php?id=33812
In a stunning trend with broad implications, the U.S. economy has grown significantly since 2007, while electricity 
consumption has been flat, and total energy demand actually dropped.
“The U.S. economy has now grown by 10% since 2007, while primary energy consumption has fallen by 2.4%,” 
reports Bloomberg New Energy Finance (BNEF) in its newly-released 2016 Sustainable Energy in America 
Factbook. 
https://thinkprogress.org/u-s-economic-growth-decouples-from-both-energy-and-electricity-use-16ae78732e59/
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Power at Sea: Ocean Observations
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The Powering the Blue Economy™: Ocean 
Observing Prize seeks innovators to integrate 
marine renewable energy with ocean 
observation platforms, ultimately 
revolutionizing our capability to collect the 
data needed to understand, map, and 
monitor the ocean. 
• Announced September 18th, 2019
• DOE (WPTO) and NOAA (IOOS) partnership
• Together, the Discover and Develop 
Competitions will award up to $3 million in 
cash prizes as well as other in-kind 
awards.
• Discover phase will open soon (stay 
tuned!) 11 awards, $125k prize pool.
Ocean Observing Prize
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Waves to Water Prize: Background
Desalination + Wave 
Opportunity
Wave energy can produce clean water without any 
electrons. 
• Eliminating electrical costs shifts the cost equation 
from OpEx to CapEx. 
• A prize will expand the community to non-WEC 
developers.
• A compelling technological challenge with potential 
benefits beyond drinking water.
• Recent RFI respondents highlighted promising 
value for desalination.
CHALLENGE!
Develop a wave-powered 
desalination system to produce 
drinkable water that is competitive 
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• International Electrotechnical Commission (IEC)
– International organization that coordinates all standards writing activities for devices that use electricity
– Two branches: standards and conformity assessment
• Why standards?
– International collaboration and engagement
– Helps to accelerate the development and deployment of ocean energy devices
– Enables WPTO to construct a targeted and well-informed marine energy research program
• Market Acceleration and Risk Reduction:
– Standards embody the collective knowledge of the industry and the process is highly dependent on R&D inputs
– Standardization will accelerate the maturity of the industry by incorporating collective industry experience which can 
lower project risk, provide assurance to regulators, and weed out poorly engineered systems
– Standards development meetings are a great platform to understand issues in the industry and the boundaries of current knowledge to help define R&D 
needs
• IEC/TC 114: Marine Energy - Wave, tidal and other water current 
converters
– Established in 2007 to develop international, consensus-based 
standards for the marine energy industry
– 27 National Committee Members, including over 180 experts 
participating on over 15 working groups
– Formal liaisons with TC-4 (Conventional Hydropower) 
and TC-88 (Wind), SC 8A (Grid Integration of Renewable Energy 
Generation), ISO/TC108/SC5 (Condition monitoring and 
diagnostics of machines)
IEC Technical Committee 114 (IEC/TC 114)
Marine Energy - Wave, Tidal, and Other Water Current Converters
www.tc114.us/
Publications to date:
IEC TS 62600-1 (Ed. 1, 2011): Terminology
IEC TS 62600-2 (Ed. 1, 2016): Design
IEC TS 62600-10 (Ed. 1, 2015): Moorings
PT 62600-20: [Publication Pending] Ocean Thermal Energy Conversion
IEC TS 62600-30 (Ed. 1, 2018): Power Quality
PT 62600-40: [Publication Pending] Acoustic Characterization
IEC TS 62600-100 (Ed. 1, 2012): Wave Energy Convertor Power Performance Assessment
IEC TS 62600-101 (Ed. 1, 2015): WEC Resource Assessment (RA)
IEC TS 62600-102 (Ed. 1, 2016): WEC Power Performance Assessment at a 2nd Location
IEC TS 62600-103 (Ed. 1, 2018): Testing of Scale-WECs 
IEC TS 62600-200 (Ed. 1, 2013): Tidal Energy Convertor Power Performance Assessment
IEC TS 62600-201 (Ed. 1, 2015): Tidal Energy Convertor Resource Assessment
PT 62600-300: [Publication Pending] REC Power Performance
PT 62600-301: [Publication Pending] REC Resource Assessment
www.iec.ch/tc114
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Room for Growth - U.S. Exclusive Economic Zone (EEZ) is Equivalent to 
the Total U.S. Land Area
US Area (USDA 
2006)
Sq km
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Marine Energy Architype Performance
• Betz Law defines the maximum efficiency of ALL CECs and 
wind turbines. The Betz Law/Limit states that the 
efficiency limit for all turbines is 0.593. This law has stood 
the test of time and no turbines, regardless if archetype 
can surpass the Betz Limit. 
o There is one main caveat - you have to calculate the 
"capture area" consistently. Flying turbines tend to 
increase the oncoming flow speed, but if you account 
for this, the Betz limit is still obeyed.
• The answer to which WEC performs best is 
tricky. There are some analytical estimates, but 
they are for very idealized conditions and not 
practical for estimating how efficient open 
ocean devices will be. 
• For a practical measure of WEC archetype 
efficiency, review the 2015 Babarit paper "A 
database of capture width ratio of wave energy 
converters“
o Babarit, A. (2015). A database of capture 
width ratio of wave energy converters. 
Renewable Energy. 80. 610-628. 
10.1016/j.renene.2015.02.049. 
Current and Tidal Devices (CEC / TEC / REC) Wave Devices (WEC)
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Myriad of Research Mechanisms
Externally Distributed Competitions – Vehicles to fund competitive solicitations 
that aim to identify and fund solutions or ideas that are developed by private 
industry. 
o FOAs – Long term, multi-year, with serious funding commitment. 
o Prizes – Focused application or attention-focusing, smaller funding awards and faster 
timeline. Often interdisciplinary, and attracts new performers. 
o SBIR/STTR – Available to startups and small businesses, specific for prototyping and 
commercialization.
o Other Transaction Agreement (OTAs) - Legally binding agreements but outside of the FAR. 
One common application of OTAs is a consortium, or direct R&D support. The authority 
for DOE to use OTAs will sunset Sept. 30, 2020. ARPA-e, however, has permanent 
authority.
Lab-Led/Executed Solicitations with Industry Focused – Mechanisms that 
leverage the expertise and resources of the National Laboratories, with the 
intended recipient being industry or academia. 
o CRADAs – Can be used as a vehicle for either support on competitive solicitations (light 
form), or through direct agreements between labs and industry. Could include small 
business vouchers. 
o SPPs – Facilities access outside of appropriated funds. 
o Notice of Technical Assistance (NOTA) – Funded support by DOE available to industry 
competitively. 
National Lab - DOE Contract Only – Agreements between National Labs and the 
DOE, with the Labs being the recipient of the funds. 
o Lab Calls – Competitive call to labs, with multi-year agreements. 
o Annual Operating Plans – Annually reviewed plans, managed by DOE staff. 
o Request for Innovation – Light competition to find new ideas to fund at the labs. 
o Technology Commercialization Fund (TCF) – Commercialization funding available to 
labs to work directly with industry on tech transfer. 
Other Mechanisms – Other contractual mechanisms to conduct work, 
including directed funding and contracting agreements. 
o DNFA: Noncompetitive funding directed to a performer to conduct work specific to 
their expertise. 
o GSA Schedules – Available services, vendors and contracts that allow for direct work 
without competition. 
o Indefinite Delivery/Indefinite Quantity Contract (IDIQ) - Competitive process to 
establish a ceiling of funding that agency can access on as-needed basis, rather 
than continuous competition for service. 
Mechanisms with Other Agencies – Mechanisms to conduct funded 
work with other federal agencies. 
o Broad Agency Announcements (BAA) – Interagency call, typically for technologies. 
o Interagency Agreements (IAA) – Agreements between agencies for joint work or 
solicitations. 
